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U. S. AIIY CHUMICAL CORPS
FORT DETRICK, FREDERICK, MAHIIAND

Electron-mi croa copic examination of freeze-dried sc utions of
alkylpolyethylene oiddee and other detferigents.

by M. Kehren and M. Rococo.

Translated from: Melliand Textilberichte, 37: 6O-685 (1956).

Introduction.

We fully realize that the work leading to the publication of this
paper represents a new departure, and for this reason we do not consider
our test results to be the final clarification of the complicated, ex-
ceedingly difficult problems involved, but we submit them for general
discussion. It is possible that the quostions related to our subjcct
have been treated elsewhere, so that the further development of reoearch
is served by an exchange of ideas even when opinions diverge.

a) Basic considerations. The field of detergent colloids has
always been mArked by great interest in the peculiarities of concentra-
tional variability in aqueous solution. The formation of micelles is
involved here, occurring in active colloid electrolytes already in the
range of greater dilutions in the form of a conversion from an ionogenic

V or molecular-disperse state to certain aggregational or orderly states;
the latter probably owe their inception to the attractile forces between
the hydrophobic fractions of the bipolar structure of the detergent
molecule and the interrelation of the water molecules among themselves,
which due to their dipolar character try to displace the hydrophobic
molecular fractions from the solution with progressively rising concentra-

According to existing concepts of the washing process, a certain
amount of significance has been attached to micelle formation, since they
may be considered first of all as "recruitment reservoirs" for the release

W of surfaceactive molecules to the limiting surfaces fiber/dirt, fiber/

wash solution, and dirt/wash solution; in addition, they are called
"concentration points" of electric charge due to accumulation of ions

M into electronegative force fields, which are stronger than that of the
individual molecules. Finally, the micelles are credited with the capa-
bility of harboring dirt particles of both oily and solid nature and thus
of offering a decisive contribution to the formation of stabile dirt
eremulsions or suspensions, in contrast to the individual detergent molecule.
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Finally, no ultimate decision is permissible regarding the direct
nood for micelles in the washing process. Preston's (1) descriptions seem
to indicate that he attributtis the washing action to the individual deter-
gent ion. This concept certainly is not altogether correct. Preston says
himself that cK, the critical concentration of nicelle formation, coincides
with the critical concentration of the washing action. In the summary he
states verbatim: "The colloid formation start, , and washing action and
surface activity reach their maxirmum, at the concentration at which
additional supplies of detergent either do not dissolve (at lower tempera-
tures) or dLssolve to form colloids (at higher temperatures), so that a
further rise in the concentration of long-chain ions in the solution is
impossible." This means that a real washing activity exists only in the
rrnge of micelle formativ'

The methods for the demonstration of micelle formitnon a• e numerous
and predominantly physical. Preston has shown schematc-ally that thv
washing action, tie osmotic pressure and high frequency conductivity reach
their optimum in the range of the critical concentration, that the density
curve and equivalent conductivity show a sharp bend at CK, and that surface
tension as well as limiting surface tension reach their minimnim at cK.
Long before Preston, the same concept was treated in more detail by means
of an identical sketch by Hess., Philippoff and Kiessig (2).

Moreover, the ultramicroscope permits observation of colloidal
p-rticles, though not in their true shape, but by inference from the light
scattered due to their presence.

We were stimulated thereby to find a method that would make micelles
or superior aggregates of acti fe substances visible and possibly would
permit fixation in the origins..!. stp•a or solution. At first glance the
electron nicroscope sepms Lo be suited for this work due to its analytic
powers in the range applicable to micelles, but certain difficulties are
found upon closer scrutiny that oppose its use for the desired purpose.
Thus, the exanination of aqueous solutions is contra-ludicated by the
simple fact that the electron stream requires a high vacuum, in which the
solvent would evaporate. This point alone apparently presents a basic,
insurmountable obstacle to the extension of electron microscopy to the

character when the solutions represent concentration-varlable systems,
subject to one or several changes in the solutional state in dependence
on the concentration. Such systats exist in the case of active detergent
colloids, and this is probably the. reason why intensive attempts at
electron-optical examination of suzn colloidal systems are lacking (with
a few exceptions to be discussed lat '.

First, quostions were raised regarding the fixation of solutional
states of detergent colloids, with the stipulation that they were to be
testable by electron-microscopic means. The ultramicroscopic investiga-
tion with its goal of fixation of colloidal micelles also had the purpose
of establishing the three-dimensional structure of the colloidal forw.
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Even in the negative case, inferences ought to be possible from a
single projection, i.e. a smooth drop of lAmollar or spherical micolle
aggregates (see references in chapter b), onto the pictoral plane of the
slide. In the most unfavorable event, fragmento of the original structure
would still be extant, depending on the technique of preparation. This
alone would already represent a certain step forward.

b) Literature on the micelle forrnation in solutions of detergentsubstances.

This is not the place for an extensive perspective on the relevant
literature from the past 40 years; it can at best serve as an introduction
to the work to be d-Iscussed, in a demonstrative or registering manner.

McBain probably was the first to offer reasons for the micelle
hypothesis. In order to cxplain the results of osmotic and conductivity
measurements, he assumed the existence of different types of micelles.
The results obtained by the classification of the components of a soapy
solution according to the various molecular states over a great concentra-
tional range were expressed by McBain by means of a socalled "condlition
diagram" of tine soapy solution. He claims the existence of the dissociated
single molecule, the undissociated s:ingle mulecule, the ionic micelle and
the neutral colloid, depending on tha solution's concentration.

Hartley (3), on the other hand, defends the view that the assumption
of a single type of micelle in spherical form suffices. The sphere's shell
is occupied by ionized gmoups of surface-active molecules, the interior of
the spherical nicelles could contain paraffin chains (i.e. the hydrophobic
molecular ends) in loose order. The opposing ions are partly held to the
ionized sDherical surface of the micell-9, partly free in solution.

The work of Hess, Kiessig and Philippoff (4) as well as Stauff (5)
indicated on the basis of numerous roentgenographic investigations the
existence of the socalled Hess micelle or, according to Stauff (5), the
large micelle with a lamellar structure. It cannot be identi fi ed wi th
Hartley's spherical ; clln (khlich belongs to the small micelles), and
Philippoff (4) concluded from his measurements of viscosity that the
Smicelles are not spherical, but consist of bimolecular lamellae in the
form of hexagonal panes or blocks.

While roentgen interferences occur only when the presence of identity
periods in (liquid) crystals is marifold, Harkins and his coworkers (6)
found a roentgen maximum in soapy solutions that is claimed to correspond
to the micellar interval M, i.e. the bimolecular molecu.]r double layer in
the micelle. Lccording to the authors, M is quite independent from the
concentration --- claimed also by Hartley for his spherica:l mnicelle --
and, in the opinion of these Americans, correspont' to the Hess micelle or
Philippoff's model. However, Hartly (7) also explained this roentgen
maximum in terms of his spherical inicelle, if the latter shows a spherical
structure with the greatesL density hexagonally.
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it cannot be decided yet, which of these micellar types is the
correct one. Stuuff (8), who has furnished a thorough perspective un the
status of contemporary knowledge concerning nmrginal surface-active sub-
stances, indicates that Hartley's spherical iodel is better suited to the
solubilization, for instance, of hydrocarbons in the micelles, whereas the
enliargement of the lateral intenrals of •raffin chains upon addition of
electrolyte observed by Hlarkins c, al. is more easily explaiaed by the
lamellary model.

The divergent opinions prevalent for a time &rnong the individual
research groups, CuIAnýing thC 1orM ana - ,f zi-:l •, ,.,gcnt
substances in aqueous solutions, may have had their origin in the insuffi-
cient consideration of concentrattional conditions during the various
measurements. McBain dealt priniarrly with saop, and his different associa-

tional and aggregational conditions were related to concentrations of at
least 0.1 n. If the molecular weigit of soap is assumed to be 250 on the
average, McBain worked with solutions of 2.5 percent by weight and higher.
However, numerous examinations of the changes in physical properties of
detergent solutions indicate that CK, the c-itical concentration of micelle
formation, is located in the range of m 10-2 (soap) to In 1O-4 (AeO sub-
stances), depending on the substance. Har'.,ey had treated this concentra-
tional range and above, i.e. the range of trongly diluted solutions, while
Heas et al. used concentrations in their roentgen investigations that
amounted to 20 to 30--fold maglituduo tf UK.

Based on measurements of scattered light in connection with a cation
active substance, Debye and Anacker (9) observed the oucurrence of rod-
shaped particles, described by them as long cylinders.

Finelly, Orthner (10) expounds a new cnncept of a spherical micelle
composed of several bimolecular shells, which consolidates Hartley's
concept with the principle of Hess, but fails to substantiate its structure
in detail. Still, it is conceivable that the soap molecules have a quasi-
parallel position in the spherical shell model, provided the radius of the
mic-lle is sufficiently large in relation to the length of a single
molecule or the thickness of a spherical shell; the layers would thereby
assume a lamellar character and would produce corresponding roentgen
interferences.

Ekwall (11) proceeds from the well-kmown fact that substances capable
of forming micelles act like ordinary l.L-value electrolytes in highly
diluted solutions, and that radical changes take place in the solution's
properties with increasing concentrations. He then comes to the conclusion
that the assumption solely of a evitical concent -ation, abový whhiuh wivIalle
formation commences, is inadequate for the explanation of the observed
discontinuous changes of the saturation concentrations of added subabances,
dissociaLion constants, degree of hydrolysis, activity, the osmotic co-
efficients, the equivalent conductivity and the sudden appearance of
roentgen interferences. Observations of cholates, laurates, caprates and
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olcates have led to the recog,•ition of three characteristic concentrnitions
of varyinjg di3tirnctiveness, which lead to structural chAnges in the
solutions, interpreted by Ekwall as the foiinatiori of double " Z- the
suvill micelles aiid the lare rnccIlti. The properties of the dissolved
subotanccs withirn die individual conctAitrational stages are highly con:stant.

In closiing thii chapter, the ricelilar models discussed here fleetingly
shall be reproduced more clearly ii Sketch I after a compiLation by Eling
(-Z), i,,i.u~d8 i•ie • p•'•,tijjal. shell ni-cllc" after Orthnf' "r i

• • I I I I I I I I I II



I
c) Literature dealinii, wLth thle electron ndcroscopic invnst.igation

of scups and soap-like products.

Electron-optical studies cO "he crystal structure of ordinary
ooaps and their concentrated solutions have already been pursued.

Thus, Marton, McBain and Vold (13) examined 5.6 % wt. alkaline
solutions of nodium laurate gel atid dtnonotrated that this subutanie con-
sists of a nuibeor of fibvil:c formed by thin rtbbons with a diameter
approximating the multir.ies of two so.ap molecule lengths.

In addition, Hattianrgdi and Swerdlow (14) found during ultramicroscopic
studies ol a)ikaj.- t k-, ýUd tint
bi- differentiated and charncterized clectron-optically according to the
chain length of the hydrophohic nmlecular fraction and according to the
soap cation, simiiarly to trade products of unknown composition. Still.
Judging from the published illustrations, the criticism of Kling and Mahl
(1,5) is Justified when they point out that basically no positive differcnceu
are recognizable between the tested soaps.

In the United States, dispersions of lithium soaps in oils have
ri-cently acquired increasing significance as lubricants, since they are
dist•wrsive in the various mineral. oils, petroleum and synthetic oils, in
contrast to most other soaps. Moreover, lithium soap oil dispersions are
said to produce lubricants with better resistance againost water; they have
higher m•lting points than the greases aide with calcium or aluminum soaps,
imAking them suitable for aircraft ungine greases, etc. Hotton and Birdsall
(16) therefore studied these lithium soaps in oily dispersion under the
electron microscope and found at 8,000-fold magnification that the lithium
s-.lts of saturated fatty acids font long "micelles," whereas the corres-
ponding salts of .uisaturated fatty acids produce round, cruder aggregates.

Chwalow (17) recently studied soaps of Na-butyrate to Na-stearate
dried from 0.02 % aqueous solutions and discovered that they consisted
primarily of ribbon-like fibers which in the case of high-moleculAr soaps
are arranged in rings. Tie mAximal width of the fibers narrows with in-

r~ fl4 ..... ..... .. .. ... s F1 d ; , o -,a [tii fi din.• On fairly
extensive theoretical considerations about the cohesion of the fatty acid
chains. He resorts to tile findings of Marton, McBain and Vold for the
confirmation of the correlation of the densities of bimolecular lamellao,
but he does not state expressly that these authors studied a sodium laurate
gel from a solution with a considerably higher percentage.

Kling and Mahl (12) were probably the first to make an electron
microscopic picture of a synthetic detergent prepared from a vacuumr-dried
solution, sodium-dodecyl sulfate, (in acdition to the fibrillar netvnrk
of soap gel mentioned above), in the hope that the preparatory technique
used would somehow preserve the original micelles as structural elements
and possibly would make them visible. In contrast to the fibrillar net-
work of the soap, the fatty alcoholic sulfate predominantly ruveals
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suoorimposed tl:yers of platoieLa; however, they also noted that utiructures
oth'ue than those indicated could occur in dOutorgents, apparently In co-
exiutence according to the preparatory conditions -(during, the dryzJng of th,
solution). The latter result nuy be confirued oun the hasis of 1.er30U0L]i
tU3t1: with air-dried sqolution1s of3 soips, anion active synthetic deter'gmtnt.n
as well a: non-innogenic alkylpolyethylene oxides, c-irrled out, compl;ir•:,l.v-
ly with solut~ionu3 prv1lir'ed by freeze drying; toet reoultO will hW pu1J! i:;hcd
e1sewhcre.

If Ekwall's (11) discoveries are considered, namely, that differt-nt (K
may appear in the Solutions of soAp-like substances, all of which ought to
cause it charl,7ce in the so]utiooI t' sti-ictivre, tls-n the a. s,,•r1_r.O-i.. * r. -•s4idUPes
of mrcolles can be fi',,ind, in - d :ulugiutm, presuably does not quite
conform te the realities.

Kling and Mahl (15) recently published %.ý.t .- probably the best
illustrat/!d i hvestigution of Na-ooapu. They examined air-dried aqucoou.
and alcoholic solutions of the soap in relation to the conrceptration and
obtained laimlliform crystals: diff-rent for each homo)ogue, frowm diluted
aqueous solutions; at higher concentrations they invariably fond tendenhcies
to ligar-ntous fibrils, partly with Ahiditi•it.al dcpomitu.

"'.9 only yLielded fibrils that appeared to have considerable morpho-
logi.cal variations. The structures are chan&eable also 11 relation to plh.
Their crliicism of Hattiangdi and Swerdlow's findings were confirmed by
their own studies. Only amylalcoholic soap gels yielded cortain d iffrences
between the various entities, which were insufficient, however, for ana-
lytical purposes. This result was al~o confirmed by personal tests.

d) Literature on preparatory techniques for electron microscopic
investigations of solutions, other than air drying.

It was pointed out at te uLose of chapter a) that the prupir.tive
fixation cf ,nicelles from aque, os solutions wust try to preserve the three-
dimiiensional structure of the colloidal aystam.

Unfortunately, attempts to preservP thz throe-W.ILCensional structure
of objects fci7 the purpose of olectroin-optical studies have been pursued
almost exclusively in the madical-biological •Lied; the various preparatory
methods are reported predominantly by Americans.

Thus, for instance, Anderson (18) has developed the "critical point
uechnique," based on the circumstance that a liquid heated to its critical
temperature under pressure, is converted directly to the gaseous state.
The object is placed in a shell filled with liquid 002 at 2500. Heat is
applied past the critical temperature (310C) to 35 0 C. The object is now
situated in compressed, ge.seous 002, which is slowly evacuated through a
valve. This method is said to yield objects in aa excellent state ofpreservation, but must be eiiiminated from our co-_nsiduratious, since it

7
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us~rTJ or'g.iirii j c:31 v(.'jft;l In t~hw pro paratiori of lin' ohlject.: and rc:lort.:_ Uo

CIpAIO oqeos01tiocrIr ioxide a. hi! finaL fluid prior 'L t&Aiudy, anid tIrerufO.'c cannot he I
Tn 19146, Wykf7(1-) (Ie..cri~bt3 a meithodl of' freeze-dry-Ing, electron- -

mi rm-sqcople prepi1,rdA onIM, In which rel1ativel y 1irg'' frozen drN)ps. of 1-qidrl'
arne e1XPosd to a v,ýcuumn on a prL'-cooleu i mtail block in the 1111tal vILporiza-I
ti on lovii e., 1111 1. 010 fu Ivtoit. 1 rhhatr' anii lbt block With thie oihjoct;

III: wa io' ro')ftrmmrrta- Thu umlc are' tlut-i Hiibjumctied tu vapo)ýriZU-
tiozi arid *'iii~rii thu" 1I.'Iial iiiir

Thme value of ihij frkeezt!-dryiug method is quesqtioned by v'iilia'uis (20),1
.'iceil his opinionl 1,11" 101~out 10-, W-p .- 1l' wl,1jp 1  1

covilid bloomx to inslire sufficicnt th-crnivil exchange; furtherricro, the
drops -are olaims 'd to be Lio lurgu t!at they cannot 1wm c(ooled intensely

enouigh. lie receWtly developed a new freeze dr'ying, method thait Hpra]ySI
ndinute licpmid dro-.ps on a me~tal qrftc-e- intside an -intensely rooled gýLiss
tu!- (Iiiuid air), cautmoimug t'hrii to ovldiiUy in abut 10 -5 see. L~uUbiina-
tion of the solvenit in -.-- lo ' wanning to above room ternp,Žrature to prevent
condenusation of Amro-,pheric !!o-isture suemr 4. 1-r IbPoi Rolved eleg.3ntIy.

Williarm hiLs al-_o improved thu opray usfcUrofi doncribed by Ifin arlI d-bAusj
in a gepirate ý,iqpr (21), anid has modified i~t so that thme solutioril drops

lists as a disadvantatge of' the litter nMt~Iod thme f'aCt that. the -ate of
freezing is lower here than in spraying the liquid onto the coiled nietailU
srmrft-io. Upion rol~it~i vly low veilooity sq ray i~nf tNi-. dtmpq rireivtl an
elect~ric char~,m w~rih they impart to the. metal carrier upon contact, by
which the drops are subjected to an electrubtati, _recuil. Her- 4 n-actic-al
placermin` of the object niiiterial on time objcct carrier iv accomplisheci by
a miiýt~allic Ficpra'/ evi ce wu:ro e.xitii Lar elj ect c-irriur (i.e. the mnet~m1
block) by a !i~etallic oo)niuctor. Tilis 11gxjundiing' Is not :uiehowever,
when high velocity 5praying Is entplciyed; bul. the Litt--i may be used only in
connection with objects thit are not destroyed by tlh.3 hurling. effect.

Al'ýho-ugi it is extraordinarily elegant in th'ý technique of irveze
drying, Williams' method has the disadvantage thait the objects nrust be

pro)per. This nuknipulation must be considered a questionable operation
when applied to detergent micelles.

Williaas has used the freeze drying rwithud developed by him with
excellent res3ultsf e.g. for eluctrn-opti- -:-l determination of time
structure 01' Na-deso)Wribonucleate with -,, 0.01 % solution of' this uub-
5tdikee (22); i1n addition, for fididng thi sp~atial organiz.ation of red
blood corpuscles (20), as well as in thme study o1 bacteri.ophages (23).
The emineditLy successful pictures shown by WilVliams in comparison to
pictures of identical air-dried objects attest to the favnrsble preser-
vation of the spatial structulre by the employmont of the freeze drying
method.



U~&dk'01 hILLý,Ar (2-4j ift thi Lnuroughil
!.r& VU IduU; of eclectiror microsropic cell analysis after freeze

i•':( q, *i th appuintiu d4scovery that crystalline ice leads to .
..i ),tJL.Ofl of" fii cellular plaisa, the nucleus, and to the displace-

.. 2cr ̀ etn fin....ttcfires, thus failinf to inu- + .
1 '1*;,,,- cre3. They negate, on the basis of their

I-(.• Ion th,it rapid freezing to -180oC produces

i-t •t•- ,trer rind, deftfids the view that cha-ges in thq

u-:ture 'of ;.,±o ug" c•2 •,aterial may be avoided during freeze drying.
2n:•ph-:ic. <ei.ri rnt. Ji'is of milk, for instance, are preserved. In the
<i;e of i'ogar'c lloida, however, he concludes that strong aggregates
deveiop Li syst(lin with iýo.Iated inaLvidual particles (e.g. arsenic
sulfide) during the cabiination cf ice. again, it is claimed that the
uJrigina] spongy structure of gels may be maintained (lime paste).
Vanadinepentoyide sol with its thread-like particles offers a transitior
between 3-l and gel, depending on the concentration.

•.) uejrip•Ion of the apparatus for freeze drying for the present

study and the conditions of testing.

.fter a study of the existing papers, an attempt was wade
iaTjialiy to consolidate the freeze drying methods of Wyckoff and Williams

Sin one apparatus. Sketch 2 depicts this initial freeze drying device. A

glas; bell d is attached hermetically by means of a threaded ring c and
rubber washer e to a hollow, cylindrical, nickel-plated copper stand a

with dish b, having a depression for the placement of electron icroscopic
object diaphragms (and the thermometer bulb). The glass bell has a ground

opein, at its apex for the thermometer f, which penetrates into a bore

hole in the center of the copper mount a filled with vacuum grease, for

reAs:nz of' better cortact with the stand. The glass bell d also has a

lateral tube attachment with about 10 mm clearance, with glass stopcock g

and ,L ground ball-and-socket joint h leading to cooling trap i.

Reproduced From
Best Available Copy



The procedure used with thas apparatuze is as follows, The sub:;tance
solutiong produced in the ineamauring f~lask i-ith twice di-9tilled water in
concentrations of 10-2, 10-3 or 10-4 mn_ 1.ir weren allowed to stand overnight
and used theo next day. a sawuple wa3 takon from each solution with glaf33
tubee extended to fine capillaries, a drop of solution was formed cn the
tip of the capillary by gentle blowing And caraf..,lly depoatted on the
object diaphragm. Nextu, -`he diaphraofaq eqiipped with the solution ware
placed on the copper mount, precoctled With, liquid air, the glatis bell was
set in place and f.Astened with Uthe threadedl ring, the therrmomter wa* in-
serted, the coolingC trap was coiinected (the 3atter also dipped In liquid
air'), whilFr the coolant lvrs now ýemoved from the copper atand, arid
evacuation by means of' an oil pump, commencad simultaneously. AD soon as
the ice was sclbliim-ted and the tempere.Wtcuie had risen, to abrve (Y'C the
copper itand was heated with warmi wrater until the temperature at Liko
copper da3h indicated about 6-80 above r'oom temperature. Sttoppock g was
now closed, the idhole app~aratus disconnected from bhe coxoling trap and.
ai.r was carefulaly ad'mitted in the immediate pr-oximiity of the Microscope,
the glass bell. uas removed and the Odaphragms were issneifbately placed
into the exsiccator or fed into the microscope.

The. ireeze dr~ying device doscribed here shlows certain disadvantaLsa.
Dep~ending on tie ocmJeet diaphragml&9 contract w4th the cooled conper stand,
theo solutions froze after abo~ut 3 '/4 t- Pý Seconds, visible. to th-e nak11ed
eye, noscibly an excesaiva2ly olz)-u rato of freesing.

During the cooling, of the capper moun'L atid also between the place-
ment of thie object diapthragmis alyl thie settli'ng of the gl~ars bell., corndens-'d
atmo)sphoric mc;nnoture w~as deposited both on the dishI and on the diaphizagms
conJtainjing the solutIOP3, -Yo that reJ6'tively large amunotts of ire had to
lbe drawn off by the pump. A blank teski with ani object diaphragm carrying
only atmos9phcric moistuve showed, however, that thia di~aphragm was
electron-opti cally empty after freeze drying.

In addi.,Ion, xihe vacuun-Light connection of tll- glaos bell with the
coppe.- dish presented some d-ifficultion, since the abber washer had
completely los-t its elasticity at the; cooling tenperatitre of -80 to -l0OOC.
Nevertheless, a few teat series succeeded %wIth this device, before con-
jtnL-ct.on of a second apparatus waotarted, shown scheimatticilJ.y
Sketch 3. It represento a modifi cation of Williaiwsl device!$ and shall
also be described briefly.

At glass tube a contains a coppor carrier b, connected to the former
by high vacýuum greaue for reasons of treater thermadl conductivity; it is
eqaipped with a -..ire c for withdraw-a) and insertion. The glass tube has
a ground lip at its upper end, on which the tube cover with a correSPenuL-
Ing fit d is placed. The. tube cover is equipped with symmetrically
arranged gŽ.ound sleeves f, throug~ 4iich microbarettes n are admitted
fo r the plac-ament of solutional drop.3 onto the objec-t diaphra~ao located
on the copper carrier b. A fifth ground sleeve h in the center of the

10



tube cover serves for the insertion of the cold thermemeter i. the end
of which fits into the bore hole g of the copper carrier. Her,. again,
thormal transfer is established with hU& vacuum grease placed in the
bore hole. The glass tube has, in its upper portion, a lateral tube
connection with glasu stopcock k and ball-and-socket joint I for the
conneclion to the, cooling trap m, through which the device is connected
to the rotaling oil pump ind the ig diffusion pump; evacuation was in two
stages and high vacuum was produced.

In addition to th.. possibility of placing drops of solution on the
object diaphragms, the titermative was explored of spraying the solution
in finely disnerainmtý.d form with a glass sprayer o, the construction of
which is shoenL in Sketch 3. It was activated with a inanual bellows, 5-6
thrusts were given during each spr,.ying. It is obvious that not all
droplets impinged directly on the diaphragm or the copper carrier. The
result was an atmosphere of atomized droplets, which partially filled the
tube and only gradually settled on the copper carrier or the walls of the
tube. This produces the disadvantage that the object diaphragms do not
only contain instantaneously frozen droplets, but also those in various
stages of solidification, which indicates that microscopy would also deal
with differunt structures from slowly crystallizing substance to rapidly
frozun drops.

Williams (20) has specified an approximate relation for the determi-
nation of the rate of freezing:

C/ •. A &• T
CA d

in which C is the thermal conductivity of water (0.0013 at OC0), A the
drop surface, d the drop diameter and 4, T the temperature difference
between the uppermost and lowest drop zone.

The drop volume of 2.10-2 ml for the drying of drops from a micro-
burette yields a freezing tif• cf ab" -- '00 -se asum_,ng a spnerlcal
siha.e of the drop and T 1500C (copper carrier -135°C: atmosphere
1-15 0); thus it is only 2 or 3 times as long as that obtained by place-
ment freezing in the first freezing device. The advantage here consists
in the circumstance that the drop was able to extend over the entire
diaphrag. and thus made direct contact vith the copper carrier, leading
to '. freezing time of about 10-1 sec in the case of drop freezing.

In spray-drying with the glass sprayer o, the drop residues on the
diaphrams were estimated under the microscope to have an average diameter
of 30 mdc6rns (10 to 50 microns). This droplet diameter, included in t'r.e
above c-alulation, yielded a freezing rate of about I0-3' sec. Although
the diaphragms were in contact with the copper carrier via a very thin

9 coat of high vacuum grease, it is likely th-.at the drops impinged on the
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poorly conducting carrier foils, which necessitates the deduction of one
decimal power for reasons of safety, leadving a freezing rate of 10- 2 sac
for spray-drying.

Thus, three methods were used in freeze drying with two devices,
yielding the following crudely calculated freezing rates:

a) "Placement drying," about 1 sec.
b) "Drop drying," about 10-1 sec.
c) "Spray drying," about 10- 2 sec.

The procedure for b) and c) with the secood device is best described
by medns of the following divided steps:

1. liliertion of the copper carridA' with object diaphragms in the
glass tubes

2. slight heating of the tube's bottom by submersion in warm water
for the purpose of softerd.ng the high vacuum grease and obtaining, a seal
between the copper carrier and the glass tube;

3. placement of the cover with inserted thermometer arid ground
stoppers (initially in place of the burettes or the sprayer);

4. cooling of the glass tube's bottom by submersion in liquid air
up to the upper margin of the copper carrier; cooling progresses to
about -14000;

5. transfer of liquid air cooling from the tube to the cooling trap;
6. excharge of Vhe ground stoppers in the cover fc- microburettes R

and immediate release of a sclutional dr6p, followed f mediate removal
of the burettes and closure of the tube cover by mea, ground stoppers;

7. open stopcock between tube and cooling trap .n•u evacuate the
apparatus to 10-4 Torr (diff. pump). Evacuate until the temperature in
the glass tube has risen to room temperature;

8. heat the tube in vacuo up to slightly above room temperature by
insertion in warm water, to prevent the settlement of atmospheric moisture
on the objects during subsequent admission of air;

9. soparation of the tube from the cooling trap with closed glass
stopcock. Now admit air carefully, open the apparatus and remove the
copper carrier.

Vacuuut dnd %'ib-imtion of tho ice were couna-olled with a high
frequency vacuum tester; it was better than 10 - Torr (no luminous
phenomenon). At the start of sublimation, normally observed at about
-4OC, a greon fluorescence appeared, becoming strong at the apex of ice
pumping (io- Torr). As soon as ali of the ice had been removed, the
vacuum again became better than 10 Torr, and fluorescence disappeý -ed.

Some moisture settled on the copper carrier due to the opening of
the ground sleeves f for the placemait of microburettes or the glass
sprayer, and the air initially present in the apparatus, but this was
considerably less than that incurred in the placement method with the
first device.
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